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(54) LIQUID CRYSTAL DISPLAY 

(57) A liquid crystal display device is made by dis- 
posing an STN cell (16) in which nematic liquid crystal 
(6) having a twist angle in the range from 180° to 270° is 
filled and sandwiched between a first substrate (1) hav- 
ing a first electrode (3) and a second substrate (2) hav- 
ing a second electrode (4) at the center, providing a 
retardation film (13) and an absorption -type polarizing 
film (8) outside the second substrate (2) in order, and 
providing a reflection-type polarizing film (10) and a light 
absorbing film (11) outside the first substrate (1) in 
order. This enables a metallic silver background due to 
the reflected light by the reflection-type polarizing film 
(10) and display in black or in color by light passing 
through the reflection-type polarizing film (10) being 
absorbed in the light absorbing film (11) or only light of 
specific color being reflected. 
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Description 

TECHNICAL FIELD 

[0001 ] The present invention relates to a liquid crystal 5 
display device, particularly to a monochromatic color liq- 
uid crystal display device in which a background portion 
of a display and a display portion of letters, figures and 
the like are colored. 

10 

BACKGROUND TECHNOLOGY 

[0002] Conventionally, several means have been pro- 
posed for a monochromatic color liquid crystal display 
device of which a background portion of a display and a is 
display portion of letters, figures and the like are colored 
in a liquid crystal display device. 
[0003] The first conventional art is a monochromatic 
color liquid crystal display device in which a color polar- 
izing film is provided outside a liquid crystal display 20 
panel, which is simple in structure and generally used. 
[0004] The second conventional art is a monochro- 
matic color liquid crystal display device in which nematic 
liquid crystal in a liquid crystal cell forming a liquid crys- 
tal display panel is mixed with a dichromatic pigment 25 
which is allowed to move together with the movement of 
the nematic liquid crystal molecules, which is referred to 
as a guest-host scheme. 

[0005] However, in any one of the conventional mon- 
ochromatic color liquid crystal display devices, letters 30 
and figures colored with a dye or a dichroic pigment are 
displayed in a white background, or conversely, white 
letters and white figures are displayed in a background 
colored with a dye or a dichroic pigment, which makes 
the contrast thereof low. Furthermore, the number of the 35 
dyes or the dichroic pigments is limited, which causes a 
disadvantage in that the number of colors usable for dis- 
playing is limited. 

[0006] Additionally, a liquid crystal display device 
which is suitable for colorful designs, capable of a 40 
metallic display, and excellent in a visible angle charac- 
teristic is required for a digital watch or a portable tele- 
phone. 

[0007] The present invention is invented in view of the 
present situation and its object is to provide a liquid 45 
crystal display device in which color letters and color fig- 
ures are displayed in a metallic background, or con- 
versely, metallic letters and figures are displayed in a 
colorful background, and thereby a display with high 
contrast and richness in designs is possible, and the so 
viewing angle characteristic is also excellent. 

DISCLOSURE OF THE INVENTION 

[0008] In order to achieve the above objects, the liquid 55 
crystal display device according to the present invention 
is made as described hereinafter. 
[0009] In the liquid crystal display device, used is a 



super twisted nematic (STN) liquid crystal cell which is 
made by filling and sandwiching nematic liquid crystal, 
having a twist angle in the range from 180° to 270°, 
between a transparent first substrate having a first elec- 
trode and a transparent second substrate having a sec- 
ond electrode. 

[0010] A retardation film is provided outside the sec- 
ond substrate. of the STN liquid crystal cell and an 
absorption-type polarizing film which absorbs the light 
linearly polarized in the direction orthogonal to the 
transmission axis thereof is provided outside the retar- 
dation film. Furthermore, a reflection-type polarizing film 
which reflects the light linearly polarized in the direction 
orthogonal to the transmission axis thereof is provided 
outside the first substrate of the STN liquid crystal cell 
described above and a light absorbing member is pro- 
vided outside the reflection-type polarizing film. 
[0011] As the retardation film, used is a retardation 
film having relations of nx > nz > ny, where nx is the 
refractive index in the direction of the phase delay axis, 
ny is the refractive index in the Y-axis direction, and nz 
is the refractive index in the thickness direction. 
[0012] Alternatively, a twisted retardation film is pro- 
vided outside the second substrate of the STN liquid 
crystal cell and the absorption-type polarizing film is 
provided outside the twisted retardation film, and the 
reflection-type polarizing film and the light absorbing 
member may be provided outside the first substrate of 
the STN liquid crystal cell, in order. 
[001 3] Preferably, in the liquid crystal display devices, 
a tight diffusion layer may be provided on the outside 
surface of the absorption-type polarizing film or a light 
diffusion sheet may be provided outside the absorption- 
type polarizing film. 

[0014] The absorption -type polarizing film can be a 
color retardation film using a dichroic pigment. 
[001 5] The light absorbing member can be a color fil- 
ter or a solar cell. 

[0016] Alternatively, the light absorbing member can 
be a translucent absorbing member and a back light can 
be provided outside the translucent absorbing member. 
[0017] A light diffusion layer can be also provided 
between the first substrate of the STN liquid crystal cell 
and the reflection -type polarizing film. 
[0018] Through the above configuration, in the liquid 
crystal display device according to the present inven- 
tion, a metallic silver background due to the fight 
reflected by the reflection-type polarizing film and dis- 
play in black or in color with excellent contrast by means 
of light passing through the reflection-type polarizing 
film being absorbed in the light absorbing member or 
only light of specific color being reflected are possible. 
Note that the detailed operations will be described in the 
embodiments of the present invention. 
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• BRIEF DESCRIPTION OF DRAWINGS 
[001 9] 

Fig. 1 is a schematic cross-sectional view showing 5 
a structure of a first embodiment of a liquid crystal 
display device according to the present invention; 
Figs. 2 and 3 are plane views showing positional 
relations of axes of the liquid crystal display device; 
Fig. 4 is an explanatory perspective view for w 
explaining a coloring mechanism of the liquid crys- 
tal display device in a first embodiment; 
Fig. 5 to Fig. 10 are schematic cross-sectional 
views showing respective structures of a second 
embodiment to a seventh embodiment of the liquid 75 
crystal display device according to the present 
invention; 

Fig. 11 is a schematic cross-sectional view showing 
a structure of a eighth embodiment of the liquid 
crystal display device according to the present 20 
invention; 

Figs. 12 and 13 are plane views showing positional 
relations of axes of the liquid crystal display device 
in an eighth embodiment; 

Fig. 14 to Fig. 19 are schematic cross-sectional 25 
views showing respective structures of a ninth 
embodiment to a fourteenth embodiment of the liq- 
uid crystal display device according to the present 
invention. 

30 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0020] The best mode for carrying out a liquid crystal 
display device according to the present invention will be 
described hereinafter with reference to the drawings. 35 

First embodiment: Fig. 1 to Fig. 4 

[0021] The first embodiment of the liquid crystal dis- 
play device according to the present invention will be 40 
explained first with reference to Fig. 1 to Fig. 4. Fig. 1 is 
a schematic cross-sectional view showing a structure of 
the liquid crystal display device, in which the thickness 
of members and the gaps between thereof are shown 
substantially enlarged. Figs. 2 and 3 are plane views 45 
showing positional relations of each axis of the compo- 
nents. 

[0022] The liquid crystal display device is structured, 
as shown in Fig. 1, in such a manner that a first sub- 
strate 1 and a second substrate 2, which are both made so 
of glass plates with a thickness of 0.5 mm, are adhered 
to each other through a sealing member 5 provided at 
the periphery thereof, and nematic liquid crystal 6 which 
is aligned at a twist angle of 225° is filled and sand- 
wiched in a gap between the pair of the substrates 1 55 
and 2 to form a super twisted nematic (STN) liquid crys- 
tal cell 16. On the inner side of the first substrate 1, a 
transparent first electrode 3 is formed with Indium Tin 



oxide (ITO) and on the inner side of the second sub- 
strate 2. a transparent second electrode 4 is also 
formed with ITO. 

[0023] One of the first and second electrodes 3 and 4 
is a display electrode, which is formed into a display pat- 
tern, or a pattern (matrix) ol segments or dots (pixels). 
The other is a counter electrode, which is formed into a 
common whole surface pattern or a belt-shaped pattern 
in lines or rows. 

[0024] On the surfaces of both the first electrode 3 and 
the second electrode 4, formed is an alignment film (not 
shown). 

[0025] As shown in Fig. 2, on the first substrate 1 side, 
a rubbing treatment is performed so that a lower molec- 
ular alignment direction 16a of liquid crystal of the 
nematic liquid crystal 6 is disposed in the direction 
rotated 22.5° counterclockwise with respect to a hori- 
zontal axis 30 (0°). On the second substrate 2 side, a 
rubbing treatment is performed so that an upper molec- 
ular alignment direction 16b of liquid crystal of the 
nematic liquid crystal 6 is disposed in the direction 
rotated 22.5° clockwise with respect to the horizontal 
axis 30 (0°). Through the above structure, formed is the 
STN liquid crystal celf 16 in which the twisted alignment 
angle of the nematic liquid crystal 6 is 225° counter- 
clockwise seen from the second substrate 2 side. 
[0026] A difference An in birefringence of the nematic 
liquid crystal 6 used for the STN liquid crystal cell 16 is 
set to be 0.15 and a cell gap d which is a gap between 
the first substrate 1 and the second substrate 2 is set to 
be 5.5 pm. Accordingly, a And value of the STN liquid 
crystal cell 16 which is represented by the product of the 
difference An in the birefringence of the nematic liquid 
crystal 6 and the cell gap d is 825 nm. A twisted pitch of 
the nematic liquid crystal 6 is adjusted to 1 1|jm. 
[0027] A retardation film 1 3 is provided outside (on the 
visible side of) the second substrate 2 of the STN liquid 
crystal cell 16 and an absorption-type polarizing film 8 is 
provided outside the retardation film 13. Furthermore, a 
reflection-type polarizing film 10 is provided outside (on 
the opposite side to the visible side of) the first substrate 
1 and a light absorbing film 1 1 is provided outside the 
reflection-type polarizing film 10 to form the liquid crys- 
tal display device (panel). 

[0028] The absorption-type polarizing film 8 is a polar- 
izing film or sheet which transmits the light linearly 
polarized in the direction parallel to the transmission 
axis thereof and absorbs the light linearly polarized in 
the direction orthogonal to the transmission axis 
thereof. 

[0029] The absorption-type polarizing film 8 is a com- 
monly used polarizing film which is made by a stretched 
film being dyed with iodine or a dichroic pigment. 
[0030] The reflection-type polarizing film 10 is a polar- 
izing film or sheet which transmits the light linearly 
polarized in the direction parallel to the transmission 
axis thereof and reflects the light linearly polarized in 
the direction orthogonal to the transmission axis 
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thereof. 

[0031] As the reflection-type polarizing film 10, which 
is made by thin films being formed on a transparent 
base film in multi-layered structure, for instance, Optical 
Film D-BEF (trade name) sold by Sumitomo 3M Co. Ltd. 5 
is used. 

[0032] D-BEF is a product to be used typically for rais- 
ing the luminance of a back light and serves sufficiently 
as the reflection-type polarizing film in the embodiment. 
[0033] The retardation film 13 serves as a birefrin- 10 
gence layer and a biaxial stretching film or a uniaxial 
stretching film can be used for the purpose. 
[0034] In this embodiment, for improving the viewing 
angle characteristic, a biaxial retardation film having 
relations of nx > nz > ny, where nx is the refractive index is 
in the direction of the phase delay axis (a stretching 
direction), ny is the refractive index in the Y-axis direc- 
tion (a direction orthogonal to the direction of the phase- 
delay axis) and nz is the refractive index in the thickness 
direction, is used. Naturally, a uniaxial retardation film 20 
may be used. 

[0035] However, the viewing angle characteristic is 
further improved by using a biaxial retardation film. 
Since incident light from all directions is utilized, this is 
preferable because a reflection -type liquid crystal dis- 25 
play device becomes brighter. 

[0036] The absorption-type polarizing film 8 is struc- 
tured in such a manner that a transmission axis 8a 
shown in Fig. 3 is disposed at an angle of -70° with 
respect to the horizontal axis 30 (0°) and the retardation 30 
film 13 with the retardation value of 590 nm is disposed 
between the STN liquid crystal cell 16 and the absorp- 
tion-type polarizing film 8, with a phase delay axis 13a 
thereof being at an angle of 50° with respect to the hor- 
izontal axis 30. 35 
[0037] The reflection-type polarizing film 1 0 under the 
STN liquid crystal cell 16 is disposed in such a manner 
that a transmission axis 10a shown in Fig. 2 is at an 
angle of 75° with respect to the horizontal axis 30. 
Under the reflection -type polarizing film 10, disposed is 40 
a sheet of red paper as the light absorbing film 1 1 . 
[0038] The STN liquid crystal cell 16 and the reflec- 
tion-type polarizing film 10 are adhered to each other 
with acrylic adhesives. The absorption-type polarizing 
film 8, the retardation film 13 and the STN liquid crystal 45 
cell 16 are also adhered to each other with acrylic adhe- 
sives. 

[0039] As the absorption-type polarizing film 8, a com- 
mon one to which no diffusion surface treatment is per- 
formed is used. Accordingly, a display in which the so 
surface reflects light like a mirror and in which the metal- 
lic appearance is emphasized can be obtained. 
[0040] Hereinafter, the mechanism of a monochro- 
matic color display by the liquid crystal display device of 
the first embodiment will be explained with reference to 55 
Fig. 4. 

[0041] The right in Fig. 4 shows an "off -state" in which 
voltage is not applied across the first and second elec- 



trodes 3 and 4 of the STN liquid crystal cell 16, and the 
left shows an "on-state" in which voltage is applied 
respectively. 

[0042] Out of the natural light incident from the upper 
side (visible side) onto the liquid crystal display device in 
Fig. 4, only the light linearly polarized in the direction 
parallel to the transmission axis 8a of the absorption- 
type polarizing film 8 passes through the absorption- 
type polarizing film 8. The light linearly polarized in the 
direction parallel to an. absorbing axis 8b orthogonal to 
the transmission axis 8a is absorbed in the absorption- 
type polarizing film 8. 

[0043] The linearly polarized light passed through the 
absorption-type polarizing film 8 reaches the retardation 
film 13 and is affected by a birefringence action while it 
passes through the retardation film 13 to be in an ellipti- 
cally polarized state. 

[0044] When the STN liquid crystal cell 1 6 is in an off- 
state (the right in Fig. 4), the elliptically polarized light is 
compensated during passage through the STN liquid 
crystal cell 16 to be a substantially linearly polarized 
light, and is rotated about 55° with respect to the trans- 
mission axis 8a of the absorption-type polarizing film 8 
to emit from the position at — 15° with respect to the 
horizontal axis 30 in Fig. 3. 

[0045] The reflection-type polarizing film 10 is dis- 
posed in such a manner that the transmission axis 10a 
thereof is in the direction of 75° counterclockwise with 
respect to the horizontal axis 30 as shown in Fig. 2. 
Accordingly, the linearly polarized light passed through 
the STN liquid crystal cell 16, of which the direction of 
the polarization is in the direction twisted by 90° (orthog- 
onal) with respect to the transmission axis 1 0a of the 
reflection -type polarizing film 10, is thus all reflected by 
the reflection-type polarizing film 10. The reflected light 
passes back to emit to the visible side, therefore the 
background becomes metallic silver. 
[0046] On the other hand, in an on -state (the left in 
Fig. 4) where voltage is applied across the first elec- 
trode 3 and the second electrode 4 of the STN liquid 
crystal cell 16, molecules of the nematic liquid crystal 6 
rise, the birefringence of the STN liquid crystal cell 16 
changes, the linearly polarized light passing through the 
STN liquid crystal cell 16 rotates about 90° to be in the 
direction of 75° counterclockwise with respect to the 
horizontal axis 30 in Fig. 2. 

[0047] Accordingly, the linearly polarized light incident 
onto the reflection-type polarizing film 10, of which the 
direction of the polarization becomes parallel to the 
transmission axis 10a of the reflection-type polarizing 
film 10, thus all passes through the reflection-type polar- 
izing film 10 and is absorbed in the light absorbing film 
1 1. A sheet of red paper is used as the light absorbing 
film 11, therefore red light is reflected and passes back 
to emit to the visible side. Thus a red display can be 
obtained. 

[0048] As described above, according to this liquid 
crystal display device, information with letters and fig- 
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ures can be displayed in color on a metallic silver back- 
ground, and enough contrast and an excellent viewing 
angle characteristic can be obtained. Moreover, the 
STN liquid crystal cell is used as a liquid crystal cell, 
thereby the nernatic liquid crystal molecules sharply 5 
change in accordance with the applied voltage and so 
the shapeness in the optical characteristic can be 
improved. 

[0049] Thus, the number of scanning fines can be 
increased up to 100 to 400 lines even in a scanning by 10 
simple-matrix driving, accordingly, a large-scale liquid 
crystal display device and a high-density liquid crystal 
display device can be provided. The viewing angle char- 
acteristic is also improved. 

Modif ication of the first embodiment: 

[0050] In the aforesaid first embodiment, the use of 
red paper as the light absorbing film 1 1 results in the liq- 
uid crystal display device to perform a red display on a 20 
metallic silver background. The color tone of the liquid 
crystal cell in the on-state can be optionally changed by 
changing the material of the light absorbing film 1 1 . 
[0051 ] For example, the use of a black film as the light 
absorbing film 11 makes a black display, the use of a 25 
blue color filter makes a blue display, and the use of gold 
paper makes a gold display. Accordingly, information 
with letters, figures and the like can be displayed in a 
required color on the metallic silver background, and 
various designs can be realized. 30 
[0052] In this embodiment, a metallic silver back- 
ground is displayed in a state with no voltage applied 
and a color display in a state with application of voltage 
on the STN liquid crystal cell. If the reflection-type polar- 
izing film 1 0 is disposed in a manner such that the trans- 35 
mission axis 10a thereof is rotated by 90° to be at an 
angle of — 15° with respect to the horizontal axis 30 in 
Fig. 2, it is also possible that a color background is dis- 
played in the state with no voltage applied and a metallic 
silver display in the state with application of voltage on 40 
the STN liquid crystal cell 16. 

[0053] Furthermore, in this embodiment, an ordinary 
polarizing film in which stretched PVA (polyvinyl alco- 
hol) is dyed with iodine and sandwiched between TAC 
(triacetyl cellulose) films is used as the absorption-type 45 
polarizing film 8. The use of a colored polarizing film in 
which stretched PVA is dyed with a dichromatic pigment 
and sandwiched between TAC films as the absorption- 
type polarizing film 8 enables the metallic silver back- 
ground to be colored. 50 
[0054] The liquid crystal display device in which letters 
and figures are displayed in red on a blue metallic back- 
ground can he manufactured by replacing the absorp- 
tion-type polarizing film 8 shown in Fig. 1 with a blue 
color polarizing film. 55 
[0055] Moreover, in the first embodiment, while the 
STN liquid crystal cell twisted by 225° is used as the 
STN liquid crystal cell 16, the same effects can be 



obtained if the twisted angle of STN liquid crystal cell is 
in the range of 180° to 270°. 

[0056] Furthermore, in the first embodiment, a single 
retardation film 13 is used for making the linearly polar- 
ized light which passed through the absorption-type 
polarizing film 8 be in an elliptically polarized state, and 
the use of a plurality of retardation films 13 enables 
more completely elliptically polarized state to be real- 
ized, and enables the quantity of light which is returned 
as the linearly polarized light and twisted by the STN liq- 
uid crystal cell 16 to be increased, so that a more vivid 
metallic silver background and color display can be 
obtained. 

[0057] In this case, a plurality of retardation films may 
be disposed on one side of the STN liquid crystal cell 1 6 
or may be disposed separately on both sides of the STN 
liquid crystal cell 16. 

Second embodiment: Fig. 5 

[0058] Fig. 5 is a schematic sectional view showing a 
structure of the second embodiment of the liquid crystal 
display device according to the present invention. The 
same numerals are given to the same portions as those 
in Fig. 1 and so the descriptions thereof will be omitted. 
The structure of the STN liquid crystal cell 16 is the 
same as that of the first embodiment shown in Fig. 1 
and so the drawing is simplified. The same situation and 
condition are applied to Fig. 6 through to Fig. 10 herein- 
after. 

[0059] The liquid crystal display device of the second 
embodiment differs from the liquid crystal display device 
shown in Fig. 1 only in that a light diffusion layer 9 is pro- 
vided on the outside surface of the absorption-type 
polarizing film 8. 

[0060] The light diffusion layer 9 is formed by applying 
or adhering a light diffusion agent on the surface of the 
absorption-type polarizing film 8. 
[0061] By this light diffusion layer 9, the reflection on 
the surface is prevented and at the same time the light 
reflected by the reflection-type polarizing film 10 is dif- 
fused, so that a metallic silver color is seen, resembling 
frosted glass, to improve visibility of a display 
[0062] For example, when an absorption -type polariz- 
ing film of an anti-glare type in which silica particles as 
the light diffusion layer 9 are applied on the outside sur- 
face thereof is used as the absorption-type polarizing 
film 8, the metallic silver background becomes a soft 
display, resembling frosted glass. 
[0063] As a scattering index of the light diffusion layer 
9, a Heize value in the rage of 30 to 90 is preferable, and 
a total light transmittance in the range of 80 to 90 %, 
which is comparatively high, is preferable. 

Third embodiment: Fig. 6 

[0064] Fig. 6 is a schematic sectional view showing a 
structure of the third embodiment of the liquid crystal 
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display device according to the present invention, which 
differs from the aforesaid second embodiment only in 
that a light diffusion sheet 15 is provided outside the 
absorption-type polarizing film 8 in place of the light dif- 
fusion layer 9 in Fig. 5. 5 
[0065] As the light diffusion sheet 15, used is a sheet 
in which, for example, adhesives mixed with acrylic 
beads is applied on a polycarbonate film. Alternatively, 
a sheet in which embossing is performed on the surface 
of a base film or light diffusion particles are dispersed in io 
a base film may be used. 

[0066] As a scattering index of the light diffusion sheet 
15, a Heize value in the range of 30 to 90 is preferable, 
and a total light transmittance in the range of 80 to 90 %, 
which is comparatively high, is preferable. is 
[0067] According to the embodiment, the metallic sil- 
ver background becomes a soil display resembling 
frosted glass. 

Fourth embodiment: Fig. 7 20 

[0068] Fig. 7 is a schematic sectional view showing a 
structure of the fourth embodiment of the liquid crystal 
display device according to the present invention which 
differs from the first embodiment shown in Fig.1 only in 25 
that a solar cell 21 having a black surface is also used 
as a light absorbing member in place of the light absorb- 
ing film 1 1 made of colored paper. 
[0069] The solar cell is a power source for driving an 
electronic machinery such as a watch which is provided 30 
with a liquid crystal display device as well as the liquid 
crystal display device itself and so is disposed under the 
reflection-type retardation film 10 of this liquid crystal 
display device, thereby driving the liquid crystal display 
without decreasing efficiency of power generation. 35 
[0070] As proposed as the modification of the afore- 
said first embodiment, the arrangement angle of the 
reflection-type retardation film 10 is rotated by 90° so 
that the background color is displayed in black and the 
information display portion in metallic silver, thereby 40 
about 35% or more of the incident light is absorbed by 
the solar cell 21 in the background portion, which allows 
the efficiency of power generation to be sufficient for a 
digital watch. 

45 

Fifth embodiment: Fig. 8 

[0071] Fig. 8 is a schematic sectional view showing a 
structure of the fifth embodiment of the liquid crystal dis- 
play device according to the present invention, which so 
differs from the first embodiment shown in Fig.1 only in 
that a translucent absorbing film 1 9 is provided in place 
of the light absorbing film 11 made of colored paper and 
a back light 20 is disposed outside thereof. 
[0072] Preferably, a color film is used as the translu- 55 
cent absorbing film 19 and an electro-luminescence 
(EL) light of a plane emitter type is used as the back 
light 20, and the combination of a light emitting diode 



(LED) array and a light guide plate or that of a fluores- 
cent light and a light guide plate can be also employed. 
[0073] The translucent absorbing film 1 9 and the back 
light 20 are provided as above, thereby the light passed 
through the reflection-type polarizing film 10 is 
absorbed in the translucent absorbing film 1 9 in a reflec- 
tion-type display viewed by means of the outer daylight, 
so that letters and the like in excellent contrast with the 
metallic silver background caused by mirror reflection of 
the reflection-type polarizing film 10 can be displayed. 
When a color film is used for the translucent absorbing 
film 19, thereby letters and the like which are colored by 
the color film can be displayed on the metallic silver 
background. 

[0074] In a dark place such as outdoors at night, the 
back light 20 is turned on, which enables a transparent- 
type monochromatic color display to be clearly per- 
formed. 

[0075] The use of a blue transparent film for the trans- 
lucent absorbing film 19 can creat a blue display, and an 
optional display color can be obtained by changing the 
color of the transparent film. 

[0076] For example, a gold cholesteric liquid crystal 
polymer film is used for the translucent absorbing film 
19, which enables a gold metallic display on the metallic 
silver background and a display with lighting by the back 
light 20 in the night. 

[0077] It should be noted that a color film is used for 
the translucent absorbing film 19 in this embodiment, 
but when the EL light is used for the back light 20, and 
the surface thereof is printed in a transparent color, 
thereby the translucent absorbing film 19 can be omit- 
ted. 

Sixth embodiment: Fig. 9 

[0078] Fig. 9 is a schematic sectional view showing a 
structure of the sixth embodiment of the liquid crystal 
display device according to the present invention. The 
same numerals are given to the same portions as those 
in Figs. 6 and 8. 

[0079] The sixth embodiment differs from the fifth 
embodiment shown in Fig. 8 only in that the light diffu- 
sion sheet 15 is provided outside the absorption-type 
polarizing film 8. 

[0080] The examples, effects and the like of the light 
diffusion sheet 15 are the same as those in the third 
embodiment shown in Fig. 6, therefore the descriptions 
thereof are omitted. 

Seventh embodiment: Fig. 10 

[0081] Fig. 10 is a schematic sectional view showing 
a structure of the seventh embodiment of the liquid crys- 
tal display device according to the present invention. 
The same numerals are given to the same portions as 
those in Fig. 1. 

[0082] The seventh embodiment differs from the first 
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embodiment shown in Fig. 1 only in that a light diffusion 
layer 22 is provided between the first substrate 1 of the 
STN liquid crystal cell 16 and the reflection-type polariz- 
ing film 10. 

[0083] The light diffusion layer 22 is disposed as 5 
described above, thereby a display of the metallic silver 
background also becomes soft resembling frosted 
glass, so that the same effects as those in the liquid 
crystal display device of the second embodiment shown 
in Fig. 5 and the third embodiment shown in Fig. 6 can to 
be obtained. 

[0084] As the light diffusion layer 22, diffusion adhe- 
sives in which fine particles are dispersed in adhesives 
may be preferably applied on the lower face of the first 
substrate 1 of the STN liquid crystal cell 16 or the upper is 
face of the reflection-type polarizing film 1 0. 
[0085] Alternatively, the light diffusion sheet 15 may 
be used similarly to the third embodiment shown in Fig. 
6. The various changes similar to those in the modifica- 
tions of the first embodiment are possible in these 20 
embodiments. 

Eighth embodiment: Fig. 11 to Fig. 13 

[0086] Next, the eighth embodiment of the liquid crys- 25 
tal display device according to the present invention will 
be explained hereinafter with reference to Fig. 1 1 to Fig. 
13. 

[0087] Fig. 11 is a schematic view similar to Fig. 1 
showing a structure of the liquid crystal display device of 3c 
the eighth embodiment, and Figs. 12 and 13 are plane 
views showing arrangement relations of each axis of 
components in the liquid crystal display device. In these 
drawings, the same numerals are given to the same 
portions as those in Fig. 1 to Fig. 3 and the descriptions 35 
thereof are omitted. 

[0088] The liquid crystal display device of the eighth 
embodiment differs from the liquid crystal display device 
of the first embodiment only in that the twist angle of an 
STN liquid crystal cell 1 7 differs from that of the STN liq- 40 
uid crystal cell 16 and a twisted retardation film 14 is 
used in place of the retardation film 13 in Fig. 1 . 
[0089] In the STN liquid crystal cell 1 7 used for the liq- 
uid crystal display device of this embodiment, the 
nematic liquid crystal 7 which is filled and sandwiched in 45 
a gap between the first substrate 1 and the second sub- 
strate 2 is twistedly aligned at 240°. 
[0090] More specifically, an alignment film is formed 
on the surfaces of the first electrode 3 and the second 
electrode 4, a rubbing treatment is performed so that a so 
lower molecular alignment direction 1 7a of liquid crystal 
shown in Fig. 12 is disposed in the direction at a angle 
of 30° counterclockwise with respect to the horizontal 
axis 30 (0°) on the first substrate 1 side, and a rubbing 
treatment is performed so that an upper molecular 55 
alignment direction 17b of liquid crystal is disposed in 
the direction at an angle of 30° clockwise with respect to 
the horizontal axis 30 (0°) on the second substrate 2 



side. Through the above structure, formed is the STN 
liquid crystal cell 17 in which the twisted alignment 
angle of the nematic liquid crystal 7 is 240° counter- 
clockwise seen from the second substrate 2 side. 
[0091 ] A difference An in birefringence of the nematic 
liquid crystal 7 used for the STN liquid crystal cell 17 is 
set to be 0.15 and a cell gap d which is a gap between 
the first substrate 1 and the second substrate 2 is set to 
be 5.4 |im. Accordingly, a And value of the STN liquid 
crystal cell 1 7 which is represented by the product of the 
difference An in the birefringence of the nematic liquid 
crystal 7 and the cell gap d is 81 0 nm. A twisted pitch of 
the nematic liquid crystal 7 is adjusted to 1 1 ^m. 
[0092] The absorption-type polarizing film 8 is dis- 
posed in such a manner that the transmission axis 8a is 
disposed in the direction of —45° with respect to the 
horizontal axis 30 (0°) as shown in Fig. 13. Further- 
more, the twisted retardation film 14 having a And of 
620 nrn and being twisted at 220° right is provided 
between the STN liquid crystal cell 17 and the absorp- 
tion-type polarizing film 8. A lower polymer molecular 
alignment direction 1 4a of the twisted retardation film 1 4 
on the second substrate 2 side shown in Fig. 13 is dis- 
posed in the direction of 55° counterclockwise with 
respect to the horizontal axis 30, and an upper polymer 
molecular alignment direction 14b of the twisted retar- 
dation film 14 on the absorption-type polarizing film 8 
side shown in Fig. 13 is disposed at an angle of 85° 
clockwise with respect to the horizontal axis 30. The 
reflection-type polarizing film 10 is disposed under the 
STN liquid crystal cell 17 in such a manner that the 
transmission axis 10a shown in Fig. 12 is parallel to the 
horizontal axis 30. Moreover, under the reflection -type 
polarizing film 10, disposed is the light absorbing mem- 
ber 1 1 such as a sheet of colored paper. 
[0093] As the twisted retardation film 14, it is prefera- 
ble to use a liquid crystal polymer film in which an align- 
ment treatment is performed to a TAC (triacetyl 
cellulose) film with 80 in thickness, the film is coated 
with liquid polymer and is cured by quickly cooling after 
adjustment so as to be at a required twisted condition at 
high temperatures of 100°C or more. 
[0094] The twisted retardation film 1 4 has a twist in the 
reverse direction to the twist direction of the STN liquid 
crystal cell 17 compared with the ordinary retardation 
film used in the aforesaid embodiments, so the birefrin- 
gence occurred in the STN liquid crystal cell 1 7 can be 
completely compensated. 

[0095] The components shown in Fig. 1 1 are adhered 
to each other with acrylic adhesives. Other structures 
are the same as those in the aforesaid first embodi- 
ment 

[0096] In a state with no voltage applied on the STN 
liquid crystal cell 17, the light linearly polarized in the 
direction parallel to the transmission axis 8a which is 
incident from the absorption-type polarizing film 8 
assumes an elliptically polarized state after passing 
through the STN liquid crystal cell 17 in the case of no 
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twisted retardation film 14, thereby it is unnecessarily 
colored by the reflection-type polarizing film 10 or can 
not pass through as a completely linearly polarized 
light, and there is a possibility that the display becomes 
insufficient in quality. 5 
[0097] However, the twisted retardation film 14 is dis- 
posed between the absorption -type polarizing film 8 
and the STN liquid crystal cell 17, so that the linearly 
polarized light incident through the absorption-type 
polarizing film 8 into the twisted retardation film 14 io 
assumes an elliptically polarized state. 
[0098] The elliptically polarized light is compensated 
while passing through the STN liquid crystal cell 17 to 
become a substantially completely linearly polarized 
light, rotates right about 45° clockwise with respect to is 
the transmission axis 8a of the absorption-type polariz- 
ing film 8, and emits from the position at 90° with 
respect to the horizontal axis 30 in Fig. 13. 
[0099] The transmission axis 1 0a of the reflection-type 
polarizing film 10 is disposed, as shown in Fig. 12, par- 20 
allel to the horizontal axis 30, so that the light linearly 
polarized in the direction orthogonal to the transmission 
axis 10a reaches the reflection-type polarizing film 10. 
Accordingly, as shown in the off-state in Fig. 4, the 
whole incident light is reflected by the reflection-type 25 
polarizing film 10, which appears as a metallic silver 
background. 

[0100] In an on-state when voltage is applied across 
the first electrode 3 and the second electrode 4 of the 
STN liquid crystal cell 17, molecules of the nematic liq- 30 
uid crystal 7 rise, the birefringence of the STN liquid 
crystal cell 17 changes, and the emitting linearly polar- 
ized light rotates about 90° to be in the direction parallel 
to the horizontal axis 30. 

[0101] Accordingly, the linearly polarized light passed 35 
through the STN liquid crystal cell 1 7 reaches the reflec- 
tion-type polarizing film 10, parallel to the transmission 
axis 10a thereof, and therefore all passes through the 
reflection-type polarizing film 10 and is absorbed in the 
light absorbing film 11. If the color tone of the light 40 
absorbing film 1 1 is blue, blue light is reflected, thereby 
the display can be seen as a blue color. 
[0102] Therefore, blue letters and figures are dis- 
played in high contrast on the metallic silver back- 
ground. 45 
[01 03] The liquid crystal display device is applied to, 
for example, a display portion of a fashion digital watch, 
which can provide a quite colorful digital watch in com- 
bination with a case or a band. 

[0104] The various changes described as the modifi- so 
cations of the first embodiment are similarly possible in 
the eighth embodiment. 

Ninth embodiment to fourteenth embodiment: Fig. 14 to 
Fig. 19 55 

[0105] Fig. 14 to Fig. 19 are schematic views similar 
to Fig. 5 to Fig. 10 showing the ninth embodiment to the 
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fourteenth embodiment of the liquid crystal display 
device according to the present invention respectively 
[0106] In each embodiment, the liquid crystal display 
device using the STN liquid crystal cell 17 and the 
twisted retardation film 14 similar to those in the eighth 
embodiment shown in Fig. 1 1 has an additional config- 
uration similar to that in the second embodiment to the 
seventh embodiment shown in Fig. 5 to Fig. 10 respec- 
tively. 

[01 07] These configurations and effects are the same 
as those of the second embodiment to the seventh 
embodiment shown in Fig. 5 to Fig. 10, except the differ- 
ences from those of the first embodiment shown in Fig. 
1 and the eighth embodiment shown in Fig. 1 1 , there- 
fore the descriptions thereof are omitted. 
[0108] The various changes described as the modifi- 
cations of the first embodiment are similarly possible in 
these embodiments. 

INDUSTRIAL APPLICABILITY 

[01 09] As it is obvious from the aforesaid description, 
in the liquid crystal display device according to the 
present invention, display of information with letters and 
figures in black or an optional color on a metallic silver 
background can be performed with high contrast, and 
thereby a monochromatic color display with an excellent 
visible angle characteristic and richness in designs is 
possible. 

[01 10] As a result, the liquid crystal display device can 
be used as a display device in various electronic 
devices including a portable electronic devices such as 
a wrist watch, a portable telephone or the like, and 
increases the visibility thereof. Moreover, it can provide 
colorful electronic devices rich in designs. 

Claims 

1 . A liquid crystal display device, comprising; 

a super twisted nematic liquid crystal cell in 
which nematic liquid crystal having a twist 
angle in the range from 180° to 270° is filled 
and sandwiched between a transparent first 
substrate having a first electrode and a trans- 
parent second substrate having a second elec- 
trode; 

a retardation film provided outside said second 
substrate; 

an absorption-type polarizing film provided out- 
side the retardation film for absorbing light line- 
arly polarized in the direction orthogonal to the 
transmission axis; 

a reflection-type polarizing film provided out- 
side said first substrate for reflecting light line- 
arly polarized in the direction orthogonal to the 
transmission axis; and 

a light absorbing member provided outside the 
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reflection-type polarizing film, 
wherein said retardation film has relations of nx 
> nz > ny, where nx is the refractive index in the 
direction of the phase delay axis, ny is the 
refractive index in the Y-axis direction, and nz is- 5 
the refractive index in the thickness direction. 

2. A liquid crystal display device, comprising: 

a super twisted nematic liquid crystal cell in 10 
which nematic liquid crystal having a twist 
angle in the range from 180° to 270° is filled 
and sandwiched between a transparent first 
substrate having a first electrode and a trans- 
parent second substrate having a second elec- is 
trode; 

a twisted retardation film provided outside said 
second substrate; 

an absorption-type polarizing film provided out- 
side the twisted retardation film for absorbing 20 
light linearly polarized in the direction orthogo- 
nal to the transmission axis; 
a reflection-type polarizing film provided out- 
side said first substrate for reflecting light line- 
arly polarized in the direction orthogonal to the 25 
transmission axis; and 

a light absorbing member provided outside the 
reflection-type polarizing film. 

3. The liquid crystal display device according to claim 30 

1 , wherein a light diffusion layer is provided on the 
outside surface of said absorption -type polarizing 
film. 

4. The liquid crystal display device according to claim 35 

2, wherein a light diffusion layer is provided on the 
outside surface of said absorption-type polarizing 
film. 

5. The liquid crystal display device according to claim 40 

1 , wherein a light diffusion sheet is provided outside 
said absorption-type polarizing film. 

6. The liquid crystal display device according to claim 

2, wherein a light diffusion sheet is provided outside 45 
said absorption-type polarizing film. 

7. The liquid crystal display device according to claim 

1 , wherein said absorption-type polarizing film is a 
color polarizing film using a dichromatic pigment. 50 

8. The liquid crystal display device according to claim 

2, wherein said absorption-type polarizing film is a 
color polarizing film using a dichromatic pigment. 

55 

9. The liquid crystal display device according to claim 
1, wherein said light absorbing member is a color 
filter. 



10. The liquid crystal display device according to claim 
2. wherein said light absorbing member is a color 
filter. 

11. The liquid crystal display device according to claim 

1, wherein said light absorbing member is a solar 
cell. 

12. The liquid crystal display device according to claim 

2, wherein said light absorbing member is a solar 
cell. 

13. The liquid crystal display device according to claim 

1 , wherein said light absorbing member is a translu- 
cent absorbing member and a back light is provided 
outside the translucent absorbing member. 

14. The liquid crystal display device according to claim 

2, wherein said light absorbing member is a translu- 
cent absorbing member and a back light is provided 
outside the translucent absorbing member. 

15. The liquid crystal display device according to claim 
1, wherein a light diffusion layer is provided 
between said first substrate of the liquid crystal cell 
and said reflection-type polarizing film. 

16. The liquid crystal display device according to claim 
2 t wherein a light diffusion layer is provided 
between said first substrate of the liquid crystal cell 
and said reflection-type polarizing film. 
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